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MEMBRANES

Membrane processes find use in many technological fields and are
also essential to the organization and dynamic behavior of living matter
via cells, nerves, and muscles (56-63).   Although many technological
applications lie outside the traditional electrolytic area, some of the
critical barriers to advancing membrane science involve electrochemical
phenomena.  The applications are varied and currently include health
care (kidney dialysis), chemical processing (desalting by electro-
dialysis and reverse osmosis, separation of gases), energy conversion
and storage (separators for batteries and fuel cells), food and
biochemical processing (desalting and demineralization of food products,
controlled release of drugs), environmental operations (treatment of
spent pulping liquors and electroplating wastes), sensors (ion-selective
electrodes), and electrochemical synthesis (chlor-alkali ion exchange
membranes).

The membrane process for chlor-alkali production is a major success
story in membrane technology.  It led to substantial energy savings and
to replacement of asbestos- and mercury-based technologies.  Development
was spurred by Japanese environmental legislation; no economic advantage
was apparent in the early stages of the development process.   However,
this new technology has subsequently been shown to save up to one-third
of electrical costs compared to the less-efficient processes.

Emerging applications for membrane processes are based on the fact
that membranes are potentially very energy-efficient for difficult
separations.  The inherent energy advantage arises because membrane
separations require no phase changes and thus avoid energy-consuming
latent heats associated with such phase changes.  Applications of
present and growing importance include biotechnology (large-scale
protein separations), natural and strategic resource recovery
(extraction of metals from low-grade ores), chemical processing of coal
(water cleanup and recycling), environmental processes (river desalting,
toxic metal recovery), health care (artificial organs, skin sterile
filtration, targeted drug delivery), microelectronics (ultrapure water
and gases), sensors (drug dosage monitoring, immunological probes, and
agricultural applications), electric vehicles (solid polymer electrolyte
fuel cells), and electrochemical technology (especially electro-organic
synthesis).

Membrane processes are modular in their nature, so expansion and/or
replacement can be spread out over time, based on market needs and
capital availability.  The needed performance capabilities required of
membranes vary with the nature of the application and generally involve
the need for high permeability, selectivity, low cost, slow degradation,
wide temperature operating range, and adequate mechanical strength.
Membrane processes are successful only when the associated engineering